In conformal field theory, key properties of spin-1/2 chains, such as the ground state energy per site and the excitation gap scale with dimerization δ as δ α with known exponents α and logarithmic corrections. The logarithmic corrections vanish in a spin chain with nearest (J=1) and next nearest neighbor interactions (J 2 ), for J 2c =0.2411.
The linear Heisenberg antiferromagnet (HAF) of spin-1/2 sites is an important and unique model many-body system that is both experimentally realized (in organic and inorganic crystals 1 ) and is theoretically amenable to exact solution. As discussed in Refs.
.
and 3, bozonization and conformal field theories have motivated recent theoretical interest in
HAFs and dimerized spin chains and provide scaling laws for stabilization of the ground state energy per site as well as the magnitude of spin gap, as a function of the dimerization δ. However, the spin gap at experimentally realized dimerization, does not follow scaling 2, 4 . Scaling theory leaves open the range of dimerization over which scaling results are reliable, while experiment requires HAFs with substantial dimerization that may be outside the range of scaling. Frustration in AF systems is another broad topic of current interest [5] [6] [7] [8] [9] [10] . For example, a frustrated HAF has a second-neighbor exchange J 2 that yields a valence-bond solid at J 2 = 1/2. Since the scaling of the dimerization gap depends on J 2 , an HAF with both dimerization and frustration 6 is well suited to study scaling exponents, logarithmic corrections and the dimerization range of scaling. The
Hamiltonian with nearest-neighbor exchange J = 1, taken as the unit of energy, is 
The coefficients A, B and exponents α, β are functions of J 2 . The exponents at J 2 = 0 are α = 2/3 and β = 4/3 according to bosonization and conformal field theory 3, [15] [16] [17] [18] [19] and coefficients A, B in Table 2 . Increasing J 2 decreases the coefficient of the marginal operator that is responsible for logarithmic corrections. Indeed, α and β decrease smoothly to the scaling values at J 2c , while A and B increase slightly. We also observe that the error bars decrease as J 2 increases from 0 to J 2c. The J 2c results agree with theory within our improved numerical accuracy up to at least δ = 0.10, which is well into the regime of spin-Peierls systems. [22] [23] [24] As previously noted, 2,4,20 the ST gap at J 2 = 0 is more accurately represented by Eq. (2) than by scaling theory with logarithmic corrections.
Fig. 2
Log-log plot of energy per site versus dimerization at J 2 =J 2c =0.2411 and J 2 =0.
The slope at J 2c is 4/3 as predicted by scaling theory.
Our DMRG results show that the power laws in Eq. (2) In terms of physical realizations, spin-Peierls systems [22] [23] [24] with strong coupling to the lattice and δ ~ 0.10 at low T are required in order to minimize competition from second neighbor or interchain exchange or from anisotropic or antisymmetric corrections to J. shown. 
